Botanical carnivory is a novel feeding strategy associated with numerous physiological and 27 morphological adaptations. However, the benefits of these novel carnivorous traits are rarely 28 tested. Here, we used field observations and lab experiments to test the prey capture function of 29 the marginal spikes on snap traps of the Venus flytrap (Dionaea muscipula). Our field and 30 laboratory results suggested surprisingly inefficient capture success: fewer than 1 in 4 prey 31 encounters led to prey capture. Removing the marginal spikes decreased the rate of prey capture 32 success for moderate-sized cricket prey by 90%, but this effect disappeared for larger prey. The 33 nonlinear benefit of spikes suggests that they provide a better cage for capturing more abundant 34 insects of moderate and small sizes, but may also provide a foothold for rare large prey to 35 escape. Our observations support Darwin's hypothesis that the marginal spikes form a 'horrid 36 prison' that increases prey capture success for moderate-sized prey, but the decreasing benefit for 37 larger prey is unexpected and previously undocumented. Thus, we find surprising complexity in 38 the adaptive landscape for one of the most wonderful evolutionary innovations among all plants. 
here as the widest point of the lobes on the long axis, recorded with digital calipers. We used a 106 flashlight to illuminate the trap from behind making anything inside the trap visible as a 107 silhouette. If the trap contained something it was assigned a value of 1 for "catch" and if it 108 contained nothing it was assigned a 0 for "miss". We also noted when a trap was closed on 109 another trap or contained debris inside such as sticks or grass (these were considered a miss; n = 110 7). Logistic regression in R Studio (R Statistical Programming Group 2018; RStudio Team 2015) 111 was used to determine if trap length had a significant effect on prey capture rate in the field. 112
113

Laboratory prey capture experiments 114
Plants used in lab experiments were tissue-cultured and purchased from commercial suppliers 115 (bugbitingplants.com; stores.ebay.com/joelscarnivorousplants/). The plants were maintained insubmerged in 1-4 cm of reverse osmosis water at all times. Throughout the duration of theexperiments, the plants were kept at ambient temperatures under the lights, ranging from 35° C 119 during the day to 22 C at night), and 50 -90% humidity. Crickets were purchased from Petsmart 120 and kept in 4-liter plastic containers with shelter, water, and a complete diet (Fluker's cricket 121 food). 122
To assess the adaptive role of marginal spikes, we set up prey capture arenas (Fig 1C) . 123
Each arena consisted of one plant in a petri dish of distilled water, one cricket of known length 124 (range: 0.7 cm -2.3 cm) and mass (range: 0.026 g -0.420 g), cricket food, and a ramp from the 125 dry bottom of the arena to the plant. Only healthy crickets with all six legs were used for prey 126 capture trials. Crickets were chosen as the prey item because they represent one extreme of prey 127 difficulty (large and able to jump) while still making up approximately 10% of the flytrap's diet 128 in the wild (Ellison and Gotelli 2009). All closed traps were initially marked. We checked the 129 plants for closed traps after three days and after one week. Every closed, empty trap was 130 recorded as a 0 for "miss" and every closed trap that contained prey was recorded as a 1 for 131 "catch". Following one unmanipulated trial with the spikes intact, we used scissors to clip the 132 spikes from every trap on the plant (Fig 1) . The plants were then allowed to recover for a week 133 until the traps re-opened. After the traps re-opened, we placed each plant through a second trial 134 with a new cricket. We performed 51 prey capture trials (34 plants total, 17 used only for 135 unmanipulated trials, and 17 used once before and after spike removal). Only 1 trial resulted in 136 no traps triggered over the full week. We also set up control trials (n = 5) with a newly dead 137 cricket placed on the bottom of the tank and negative controls with no cricket at all (n = 2) to 138 ensure that any experimental trap closures were triggered by the cricket and not spontaneous. 
Effect of Prey Mass and Trap Length 176
A linear mixed effect model with prey mass included provided a far better fit to the data than one 177 without (ΔAIC c = 15). In the full model, prey mass was a significant predictor of prey capture 178 success (P = 0.000441), with every 0.1 g increase in prey mass corresponding to a 73% decrease 179 in prey capture performance (Fig 3) . 180
181
Larger trap size also increases the probability of successful prey capture after controlling for prey 182 size, with every 1 cm increase in trap length increasing the odds of prey capture by 2.9-fold 183 (Table 1) . Larger trap size increased prey capture success for both manipulated and non-184 manipulated plants (Fig 3; logistic regression; manipulated: P = 0.02008; non-manipulated: P =data than one without (ΔAIC c = 31) 187 188 Discussion:
capture of small and medium sized insects, but not larger insects. In controlled laboratory prey 193 capture trials, 16.5% of trap closures resulted in successful prey capture whereas only 5.8% of 194 trap closures successfully captured prey when marginal spikes were removed (Fig. 2b-c) . We 195 found similarly low prey capture rates in the Green Swamp Preserve, one of the natural habitats 196 of the Venus flytrap: fewer than 25% of trap closures resulted in prey capture (Fig. 2a) . Surprisingly, the effect of removing the marginal spikes for medium-sized traps on prey 224 capture success nearly disappears for larger traps. We observed a possible mechanistic 225 explanation for this counterintuitive result. Crickets are often climbing on the marginal spikes of 226 large traps, and when they trigger them they are able to push against the marginal spikes to pry 227 themselves free. In contrast, when a cricket triggers a large trap with no spikes, it has nothing to 228 use to free itself. Marginal spikes appear to provide leverage for larger insect prey to escape. 229
There is also a possible physical explanation for the diminishing benefit of the marginal spikes atlarge trap sizes. Stuhlman (1948) Hart 2014 (ontogenetic changes)) and we did not find any evidence for size-selection here. For 238 medium and small insects, the cage formed by marginal spikes provided a drastic increase in 239 prey capture rates, a finding that is compatible with Darwin's original hypothesis. At large prey 240 sizes, however, the symmetry between our findings and his hypothesis begin to break down. We 241 found diminishing returns at larger prey sizes, and while Darwin predicted large insects would 242 break free from traps, the mechanism he outlines is different than the one we observe. We did 243 not find that fully trapped insects were breaking free, as he notes in his book. Instead, we found 244 insects that were partially trapped or trapped perpendicular to the trap's long axis were the ones 245 to break free, potentially with the aid of the marginal spikes. 246
We demonstrated that the novel marginal spikes, forming a 'horrid prison', are an 247 adaptation for prey capture with nonlinear effects at larger prey/trap sizes. Given the diversity of 248 carnivorous plant traps, from the sticky traps of sundews to the rapid suction traps of bladderwort 249 (Brown et al. 2012), we contend that carnivorous plants offer a rich system for investigating the 250 adaptive value of novel traits, particularly within the context of prey capture. Furthermore, this 251 system lends itself to tractable experimental work carried out by undergraduate researchers. This 
